A normal ridge is defined as one that retains the general shape of the alveolar process following uneventful extraction socket healing. Although the normal ridge has maintained apicocoronal and buccolingual bony dimensions, a lack of interdental papillae or root eminence may cause esthetic problems during restoration. 1 Several factors can cause ridge deformity: periodontal disease, periapical lesion, implant failure, improper tooth extraction, trauma, tumor, or congenital disease.
From a morphologic standpoint, Seibert 2 groups ridge deformities into three classes according to the vertical and horizontal defect components:
• Class I: buccolingual loss of tissue, with normal ridge height in apicocoronal dimension • Class II: apicocoronal loss of tissue, with normal ridge width in buccolingual dimension • Class III: combination of buccolingual and apicocoronal loss of tissue resulting in a loss of normal height and width Later, Allen et al 3 introduced severity as a classification criterion in the evaluation of alveolar deformities. Severity is classified as mild (Ͻ 3 mm), moderate (3 to 6 mm), or severe (Ͼ 6 mm). Alveolar ridge deformities cause unsatisfactory esthetic results when a fixed partial denture (FPD) or implants are placed in the visible area. The prognosis is better in cases of horizontal defects as opposed to vertical or composite defects and less favorable in cases of greater numbers of missing teeth and greater attachment loss of the adjacent teeth. 4 This article reviews the different approaches for the prevention and treatment of ridge deformities. Some clinical cases are presented to illustrate the different surgical approaches.
Prevention of ridge collapse
Soft tissue margin and interdental papillae collapse follows tooth extraction. This event may be prevented by an immediate postextraction provisional ovate pontic to ensure soft tissue support. This procedure may not be sufficient, and other approaches can be used in cases of 5 : osseous fracture occurring during tooth extraction or because of trauma; bone resorption of the vestibular cortical plate; or risk of osseous resorption of thin cortical bone during healing. Different surgical approaches may be attempted to preserve soft and hard tissues at the time of tooth extraction.
Flap approach for tooth extraction
The flap approach may be used for tooth extraction to prevent excessive bone damage. 6 This approach helps maintain the cortical bony plate in case of subgingival tooth fracture.
Following intrasulcular incisions extended to the adjacent teeth, a full-thickness flap is reflected on the buccal and palatal aspects of the tooth to be extracted. Vertical releasing incisions are performed if needed. Root extraction is then performed gently to avoid fractures or bone damage. Lingual ostectomy may be required. Alveolar curettage should be avoided or limited. The flaps are sutured with interrupted sutures to cover the alveolar crest.
During tooth extraction, the flap approach may be used in conjunction with a connective tissue graft. This procedure permits adequate coverage of the alveolar sockets, especially in case of multiple extractions. The graft approach at the time of tooth extraction makes it possible to preserve the ridge and augment buccolingual and apicocoronal soft tissue simultaneously. 7 
Bone grafts for ridge preservation
Ridge preservation may be performed following tooth extraction by means of bone grafts placed in the alveolar socket. Different graft materials have been proposed: autogenous bone grafts, bone allograft (freeze-dried decalcified bone allograft), xenografts (deproteinized bovine hydroxyapatite [HA] , bovine bone mineral), and synthetic bone substitutes (␤-tricalcium phosphate, HA implants).
A full-thickness flap is required to perform a gentle tooth extraction. Following the alveolar debridement, the graft material is implanted into the socket and the flap is sutured, achieving primary wound closure. A clinical and histologic study reports satisfactory clinical results in terms of bony fill in extraction sockets using demineralized freeze-dried bone or autologous bone. 8 Biopsies of the grafted sites showed new bone regeneration only in the sockets filled with autogenous bone chips. More recently, Artzi et al 9 histochemically analyzed sockets grafted with porous bovine bone mineral and report no significant resorption of the grafted particles 9 months postextraction. technique requires intrasulcular incisions around each tooth to be extracted. Full-thickness flaps are reflected apically beyond the mucogingival junction on the buccal and palatal surfaces to expose the teeth to be extracted. Vertical releasing incisions are needed to mobilize the flaps. Following tooth extraction and socket curettage, the membrane barriers are trimmed and secured to the surrounding alveolar ridge. Periosteal releasing incisions are performed to move the flap coronally and cover the membrane completely.
Clinical studies 10, 11 show that extraction sockets treated with GBR have significantly greater alveolar ridge dimensions compared to sites not treated with this procedure. Resorbable and nonresorbable barriers show similar outcomes.
Postextraction implants
Immediate placement of implants following tooth extraction may minimize ridge resorption. 12 Similar augmentation may be attempted to reduce these defects. Soft tissue reconstruction is useful in the treatment of ridge deformities, especially in cases of mild or moderate ridge defects. Severe defects may require a staged approach or hard tissue augmentation. 16 The selection of the surgical treatment also depends on the type of prosthetic treatment. When an FPD is scheduled, soft tissue augmentation may be sufficient to solve ridge defects, whereas hard tissue augmentation is preferred 17 when implant therapy is selected. Soft tissue augmentation should be performed at the time of second-stage surgery.
Soft tissue augmentation
Roll technique. The roll procedure is indicated in cases of small to moderate Class I defects (Fig 1) . The surgical technique requires the preparation of a deepithelialized connective tissue pedicle flap from the palatal surface of the edentulous survival rates of postextraction implants and those placed in ossified sites are reported. 13 Contraindications to this procedure are the presence of infections and extensive osseous defects. 14 Tinti and Parma-Benfenati 15 categorize extraction sockets as Class I and II. In Class I, the extraction walls are completely present, and the site maintains a potential regenerative four-walled socket environment. Postextraction implant placement alone is indicated. In Class II, the envelope of bone is not intact, and the implant is not completely delimited by bony walls: A postextraction implant may be applied in conjunction with a regeneration effort. When primary stabilization of the implant in the alveolar socket is not achievable, a staged approach should be used.
Reconstruction of lost ridge anatomy
Severe ridge deformities often impair both esthetics and function. Soft tissue, hard tissue, or combination Pouch procedure and connective tissue grafts. The pouch procedure and connective tissue graft technique permits the correction of Class I defects. 2, 19, 20 This approach requires the creation of a subepithelial pouch, into which a connective tissue graft is placed and secured to the periosteum. The entrance incision and dissection plan may be coronoapical, apicocoronal, or lateral.
Interpositional (inlay) grafts.
Interpositional grafts are used to correct Class I and small to moderate Class II and III defects. 2, 20, 21 The surgical procedure requires the use of a thick, wedge-shaped connective tissue graft harvested from the palate or maxillary tuberosity. The graft is then inserted in the recipient bed, created similarly to the pouch procedures by means of partialthickness dissection. The graft is sutured, leaving the epithelial surface at the level of the surrounding tissues. This procedure makes it possible to fill the buccal ridge concavity. If a gain in ridge height is needed, the graft is raised above the adjacent tissue of the recipient site and sutured.
Onlay graft procedures. Onlay graft procedures are used to correct Seibert Class I, II, and III defects. 2, 21, 22 Preparation of the recipient bed requires removal of the epithelium from the edentulous area by means of parallel incisions in the lamina propria to split the blood vessels. A thick free gingival graft is then harvested from the palate and secured to the recipient bed. Multiple-stage onlay graft procedures may be performed to increase a severe ridge defect (2 to 3 months following the first surgical treatment).
Combination onlay-interpositional graft procedures. To obtain simultaneous vertical and horizontal soft tissue augmentation, a combination onlay-interpositional graft procedure has been proposed. This type of graft seems to have greater indications in the treatment of Seibert Class III defects. 23 Harvesting the graft requires a full-thickness dissection in the coronal part of the graft (epithelialized section) and a more apical partial-thickness dissection (nonepithelialized connective tissue). The graft is composed of two parts: a completely deepithelialized connective segment and an epithelialized onlay section. This approach induces a smaller wound in the palate area compared to the classic free gingival graft and provides greater availability of graft tissue compared to the connective tissue graft alone. A double recipient site is prepared on the ridge defect area. The crestal surface is deepithelialized by means of a beveled incision without involving the adjacent papillae to secure the onlay section of the graft. The mesial and distal borders of the recipient site are extended apically to make two vertical releasing incisions. A pouch section is then created labially to insert the completely deepithelialized connective segment of the graft. The combination onlay-interpositional graft is then sutured.
Hard tissue augmentation
GBR in ridge deformity. GBR is based on the principle of guided tissue regeneration and was first performed in an experimental dog study. 24 This technique was clinically tested in the treatment of ridge deformities (Fig 2) . 25, 26 The GBR technique was further developed to achieve predictable bone gain. Improvements in this technique have led to its wide-scale clinical application to augment deficient alveolar ridges, 27,28 treat implant fenestration or dehiscences, 29, 30 and permit immediate implant placement in large alveolar sockets. 31, 32 The main surgical problem in the application of GBR is protecting the space for regeneration underneath the membrane barrier to stabilize blood clotting and exclude soft incisions are made on the vestibular site, and a full-thickness flap is then raised. The lingual flap is extended mesially to include at least three teeth. Vertical releasing incisions are made mesially, at the mesial line angle of the mesial tooth, and distally, at the mesial line angle of the distal tooth, if present. When a posterior edentulous area is treated, the distal releasing incisions are placed approximately 7 to 8 mm distal to the most distal extent of the membrane. A full-thickness lingual flap is then raised, extending beyond the mylohyoid insertion of the omohyoid muscle to preserve the integrity of the lingual nerve, lingual artery, and sublingual nerve. Periosteal releasing incisions are then made buccally and lingually to obtain simultaneous coronal extension of both flaps. The implants are then placed, with the tissue penetration. Different techniques have been developed to achieve this goal. Buser et al 33 propose the use of mini-screws to create and maintain the space underneath nonresorbable barriers. More recently, the use of reinforced membranes (gold-frame reinforced, titanium reinforced) has been introduced to permit blood clot stability, migration of osteogenic cells, and new bone formation. 34 Improvements in clinical outcomes were also obtained by means of appropriate soft tissue management using the surgical technique proposed by Tinti and ParmaBenfenati. 35 In the mandibular edentulous ridge, a crestal incision within the keratinized tissue is extended intrasulcularly to the mesial line angle of the adjacent teeth, buccally and lingually. Two vertical releasing coronal portion extending outside the bone crest. The cortical bone is then perforated peripherally to access the narrow vascular spaces. Autogenous bone particles and/or autogenous bone chips are positioned around the implants to cover them completely. Titanium-reinforced expanded polytetrafluoroethylene (e-PTFE) membranes are then bent to obtain a close adaptation with the underlying bone and implants. The barrier is stabilized on the bone with fastening screws. The coronally advanced flaps are first sutured over the membrane by means of horizontal mattress sutures with U stitches. Simple interrupted sutures provide a second line of closure in a more coronal position. No periodontal dressing is applied; patients are instructed to avoid using removable prostheses on the surgical site until the membrane is removed. A similar approach may be used in the treatment of maxillary ridge defects (Fig 3) . The membrane may be covered using the coronally positioned palatal sliding flap and a coronally advanced flap on the buccal site. 36 After a 12-month healing period, the membrane is removed by means of mesiodistal crestal incisions. The regenerated material is then exposed, and the flaps are sutured. The effectiveness of this technique was evaluated in a retrospective multicenter study on 123 implants with 1 to 5 years of followup. 37 At the time of the surgical procedure, the implants were allowed to protrude 2 to 7 mm from the bone level, and titanium-reinforced e-PTFE membranes were put into place. Three groups were distinguished: only the membrane to protect the blood clot (group A, 17 implants); allograft under the membrane (group B, 26 implants); and autogenous bone chips under the barrier (group C, 82 implants). Only one implant was lost immediately following the first surgical phase. The authors report successful vertical augmentation in all three groups; better clinical outcomes were obtained in group C, where the association with autogenous bone chips allowed vertical augmentation of up to 8 mm.
Some authors also propose GBR by means of resorbable barriers. This approach reduces the incidence of infective complications, but the final volume of regenerated bone is smaller. 38 Xenografts have been recently applied in GBR procedures as an augmentation filler material. The initial results seem promising. 39 These fillers may be useful when the availability of autogenous bone is reduced.
Bone grafts, allografts, or xenografts or synthetic bone substitutes. Several materials (autologous grafts, allografts, or xenografts or synthetic bone substitutes) have been used to attempt the reconstruction of deformed residual edentulous ridges; they may also be used in conjunction with barrier membranes to attempt GBR and gingival grafts. 16 Autogenous bone may be considered the most advisable bony graft material. It has been applied alone or in conjunction with resorbable HA. The most frequent intraoral site to harvest bone grafts is the retromolar site or chin. 40 The block of bone graft is secured to the recipient site with titanium screws (Fig 4) . Autogenous bone graft, in Some histologic evidence illustrates a different resorptive pattern of the implanted materials. Autogenous bone chips or particles of freeze-dried decalcified bone may be rapidly resorbed and may not be replaced by an equal volume of bone. This may cause postoperative contraction of the augmented site. 16 Resorbable HA usually resorbs slowly following implantation. Wagner 45 indicates a 50% to 60% ratio of lamellar bone to residual resorbable HA particles 14 months postimplantation. Some studies report a 53% to 55% failure rate because of the development of dehiscences within 1 to 2 years. 46 Orthodontic treatment for hard tissue augmentation. Orthodontic techniques to achieve bone augmentation have been introduced in clinical practice. 47, 48 Extrusive movement of hopeless teeth may be useful in sites scheduled for implant therapy. The orthodontic traction stretches the residual ligament fibers and induces new bone apposition. A certain amount of vertical augmentation allowed for implant osseointegration in a few cases. 47, 48 block or particle form, is also used to support the membrane barrier during the GBR procedure at the time of implant placement. 41 Autogenous bone grafts of extraoral origin (iliac crest, ribs) have been used to augment severely atrophic jaws in the vertical and horizontal dimensions prior to or at the time of implant placement. 42, 43 This approach is resource demanding and may be more indicated in implant therapy of the completely edentulous jaw than in areas with short ridge deficiency.
Freeze-dried decalcified bone allograft implants, bone xenografts, and synthetic bone substitutes (eg, resorbable HA, root-form bioglass cones) have been widely used to correct residual ridge deformities. They may be useful when a reduced amount of autologous bone graft is available. This surgical treatment requires full-thickness flaps extended to the adjacent teeth. Following the placement of the graft material, the flap is sutured to obtain primary wound closure. The final restoration is placed some months following ridge augmentation. 44 Ridge expansion techniques. In implant sites with normal vertical dimensions but inadequate thickness of the bone, the ridge expansion technique may be applied to allow implant placement in the correct position. The thickness of the osseous ridge may be augmented by means of a classic osseous graft or by modifying the morphology of the preexisting bone with the splitcrest technique or ridge expansion with osteotomes. The split-crest technique requires a large buccal flap extended to adjacent teeth, with vertical releasing incisions to gain access to the osseous crest. A partial-thickness dissection is performed to maintain blood supply to the osseous plate. A minimal lingual flap is required. The buccal and lingual osseous crests are then separated using chisels or knives. The implant is then positioned within the fracture line and stabilized only in the apical bone. There is no contact between the proximal surface of the implant and bone tissue. No primary wound closure over the implant is needed, and second-stage surgery can thus be avoided. Scipioni et al 49 report a 5-year success rate of between 88% and 93% for the split-crest technique in single-tooth implant placement. The split-crest technique may be associated with a reduction of marginal bone height, loss of interdental papilla, and difficulties in esthetic management.
The osteotome technique 50 requires preparation of the implant site by means of a series of cylindric osteotomes of increasing diameter.
These instruments are progressively inserted in the implant site by pressure or gentle malleting. This procedure expands the bone tissue by compressing the cancellous bone. The implant is positioned when the required diameter of the implant site is reached. Because of the risk of fracture, this procedure is contraindicated when only cortical bone is present. No long-term study has as yet analyzed the survival of implant therapy with this technique.
Distraction osteogenesis. The distraction osteogenesis technique is based on the principle that new bone apposition occurs in a surgically created bone fracture. 51 New bone formation is due to tension induced between two pieces of slowly separated bone. This principle has been widely used in long bone growth, 52 but was introduced more recently in oral surgery to increase the horizontal length of craniofacial bones. 53, 54 This technique has been applied to achieve vertical bone augmentation before implant placement. 55, 56 The surgical technique requires a relaxed fullthickness labial flap to gain access to the bone surface. The lingual flap is left in place to preserve the periosteal bloody supply to the transported bone segment. A horizontal osteotomy is then performed by means of an oscillating saw and burs, and the distractor is secured. Vertical cuts are then made to mobilize the bone segment to be distracted. The flap is sutured, and a provisional prosthesis is applied. After 1 to 2 weeks of latency, the distractor implant is generally activated to achieve progressive bone separation, until the required weight of hard tissue is obtained. Moderate overcorrection is suggested. After a period of bone consolidation, the distractor is removed and the implant is placed immediately or at a later date. Distraction osteogenesis may be attempted to augment bone thickness horizontally.
Potential risks of this technique include distractor instability (particularly with poor bone quality), flap dehiscence, premature consolidation, and transport bone segment fracture. Selection of bony site, correct osteotomy, and accurate control of bony segments may minimize these possible complications. Distraction osteogenesis has been used in a small number of case series. Longitudinal studies are needed to ascertain the limits and effectiveness of this approach in conjunction with implant therapy.
Suggestions for treatment of ridge defects scheduled for implant therapy. Tinti and Parma-Benfenati 15 categorize horizontal and vertical ridge deficiencies concerning the placement of dental implants. Horizontal defects may be divided into Classes I and II. In Class I defects, the exposed implant surface (Ͼ 50%) resides within the envelope of bone. In Class II defects, the exposed implant surface (Ͼ 50%) resides outside the envelope of bone. Those authors suggest using the split-crest technique or GBR with autogenous bone grafts at the time of implant placement in case of horizontal defects. Autogenous bone block graft or bone chips associated with GBR may be used in a staged approach before implant placement.
Vertical defects may be divided into Classes I and II. In Class I defects, the vertical insufficiency is Ͻ 3 mm, whereas in Class II, the insufficiency is Ͼ 3 mm. In case of vertical defects, those authors recommend evaluating the occlusal bone level. Short implants may be suitable when the bone allows for satisfactory implant placement and restoration and a longer implant is not appropriate because of anatomic obstacles. When the bone level is not sufficient to allow acceptable implant placement, longer implants with a GBR technique or a staged approach with bone grafting or sinus lift procedures may be applied to correct the vertical ridge deficiency.
Platelet-rich plasma (PRP), a modification of fibrin glue made from human blood, has been introduced for its supposed capacity to deliver growth factors. 57 Its use has been suggested in conjunction with bone grafts to increase bone regeneration in edentulous ridges scheduled for implant therapy. 58 Since few reports seem to support this approach, a recent review has emphasized a lack of scientific evidence for using PRP for ridge augmentation procedures. 59 
Conclusion
Successful tooth replacement depends on appropriate management of the soft and hard tissues of the edentulous ridge. With small or moderate defects, soft tissue augmentation may be indicated, especially when an FPD is scheduled. Severe defects may require a staged approach or hard tissue augmentation. When implant therapy is planned, hard tissue augmentation is preferred.
Different surgical techniques have shown acceptable esthetic outcomes. Nevertheless, many of these results are case reports or series, and the outcomes are often related to the skill of the operator. Generally, the published cases show short-term results. Long-term stability of the regenerated tissues should be proven in longitudinal studies.
